We examine the process B → X s γ in minimal supersymmetry (SUSY) with general flavor mixing in the squark sector. We include all important next-to-leading (NLO) QCD corrections as well as dominant NLO SUSY effects from the gluino field. We find a generic alignment between the gluino corrections to the down-type quark masses and to the dominant Wilson coefficients, which, for µ > 0, leads to a "focusing effect" of reducing NLO SUSY corrections relative to the LO. As a result, stringent constraints from BR(B → X s γ) on the gluino mass can become significantly reduced relative to the minimal flavor violation scenario, especially at large tan β, even for small values of flavor mixing parameters. The case of µ < 0 can also become allowed. Constraints on general flavor mixings also become significantly relaxed relative to the LO case.
1. Introduction. The radiative decay B → X s γ provides a powerful tool for testing various extensions of the Standard Model (SM), such as supersymmetry. This is because, in b → sγ "new physics"effects can appear at 1-loop level, which is the same where the lowest-order SM flavor changing neutral current (FCNC) processes become allowed. "New physics" contributions in b → sγ can therefore be of comparable size to the SM one.
Early on it was hoped that, the process could therefore provide a clear hint for new physics [1] . However, as experimental results [2] have reached an error of ∼ 10%:
BR(B → X s γ) = (3.41 ± 0.36) × 10 −4 ,
and a similar accuracy has also been recently achieved for a SM prediction at the full NLO QCD level [3, 4] BR(B → X s γ) = (3.70 ± 0.30) × 10
it has become clear that, with the two ranges partially overlapping, little room has been left for "new physics" contributions. This has in turn been used to impose severe constraints on flavor-violating (FV) interactions beyond the SM. These are usually related to some scale Λ where "new physics" appears. In the case of lowenergy SUSY, Λ is set by the SUSY-breaking scale M SUSY , which is expected to remain within O(1 TeV) on the grounds on naturalness.
A SM contribution to b → sγ involves an 1-loop exchange of the top quark and the W − . In 2-Higgs doublet models (2HDM), one in addition has a constructive contribution from the charged Higgs H − (and the unphysical state φ − ) replacing the W -boson. In the SM, a full NLO analysis has been performed in several stages and recently completed in [4] . A complete NLO analysis has also been performed in the 2HDM [5, 6, 7] .
In SUSY, additional 1-loop diagrams come from an exchange of the charged Higgs-stop and the chargino-stop. The latter contributes constructively (destructively), depending on whether the Higgs/higgsino mass parameter µ is negative or positive, respectively. Detailed studies of SUSY contributions to BR(B → X s γ) have been performed beyond the LO [8, 9, 10, 11] . In particular, dominant NLO contributions have been calculated [10, 11] and shown to be important. They come from two sources: they are enhanced by factors involving large tan β -the usual ratio of the neutral Higgs expectation values, and/or by the logarithm of M SUSY /m W .
The good agreement between the ranges (1)- (2) has been used to derive stringent constraints on the mass spectra of the superpartners in specific popular models, like the Minimal Supersymmetric SM (MSSM), or its Constrained version (CMSSM).
For example, in the CMSSM, the case of µ < 0 has been shown to be ruled out, except for very large common gaugino m 1/2 and scalar m 0 masses (∼ few TeV), where the SUSY contributions effectively switch off. For µ > 0, stringent lower bounds of a few hundred GeV have also been derived on m 1/2 and m 0 , especially at large tan β [12] .
Such bounds, even if model dependent, have clear implications for searches for SUSY in accelerators, for neutralino as dark matter WIMP, and in other nonaccelerator processes. For example, in dark matter searches, the constraint from b → sγ often forbids larger values of the spin-independent scattering cross section of WIMPs on proton σ SI p , which would otherwise be accessible to today's experimental sensitivity [13] . Generally, it has been concluded that, suppressing SUSY contributions to b → sγ can be achieved by taking larger M SUSY , and therefore typically larger masses of superpartners.
The above conclusions have often been reached by assuming, sometimes implicitly, that the mixings among the mass eigenstates of supersymmetric partners of the quarks closely resemble the CKM structure of the quark sector. This scenario, often called Minimal Flavor Violation (MFV), can be considered as among the simplest ways of addressing the nagging flavor problem of SUSY. FV interactions are in general not forbidden by gauge symmetry and, without assuming any organizing principle, can lead to exceeding experimental bounds by even many orders of magnitude [14] . The mixings of the first two generations of squarks are strongly constrained by the K 0 −K 0 system but bounds on sfermions of the third generation are much weaker. In the case of b → sγ, rather stringent constraints have been derived, in the LO approximation, on the magnitude of possible FV terms beyond MFV in specific scenarios for flavor structure, but shown to be highly model-dependent [15, 16] . The question thus arises about the robustness of various implication for SUSY derived in the context of MFV or other specific scenarios.
In this Letter, we examine the process b → sγ in the framework of the MSSM with general flavor mixing (GFM) in the down-type squark sector. In addition to including the full NLO QCD corrections from the SM+2HDM case [4] , we introduce NLO QCD resummation above m W and threshold corrections from the heavy gluino field taking into account all the sources of flavor mixings in the down-type sector.
In SUSY, the NLO-level analysis has so far been done in the case of MFV [10, 11] .
On the other hand, most of analyses of GFM have been conducted with only LO matching conditions for SUSY contributions [15] , in which case the effect of NLOlevel corrections becomes an issue. We have calculated all tan β-enhanced NLO contributions in the framework of GFM, as discussed below. This level of accuracy allows us to compare SM+SUSY contributions to BR(B → X s γ) in the case of GFM with analogous predictions obtained with MFV and in LO.
We find that, at the level of NLO, even small departures from the MFV scenario often lead to considerably relaxed constraints on the gluino mass, especially in the case of large tan β and µ > 0, and that even the case of µ < 0 becomes again readily allowed. Furthermore, we demonstrate that some constraints on FV terms become considerably weaker than in the LO case. We identify the underlying "focusing effect" which generally reduces the gluino NLO contributions to BR(B → X s γ).
We will first summarize the procedure which we follow. We describe LO and NLO corrections and matching conditions in the SM and in SUSY with MFV. Next we identify and compute new leading tan β-enhanced contributions which arise beyond the MFV framework. We then identify an alignment between the gluino contribution to BR(B → X s γ) and the down-type quark mass-matrix which leads to the focusing effect mentioned above. Finally, we illustrate our results in the framework of the Constrained MSSM.
2. Procedure. The contributions to b → sγ from all states that are much heavier than m b are described by the effective Lagrangian [17] 
The Wilson coefficients C i (µ) and C ′ i (µ), which are associated with operators P i and their chirality-conjugate partners P ′ i , play the role of effective coupling constants. In the SM, it is natural to choose the scale at which the heavy (SM) states decouple at µ W ≃ m W . Their values at µ W are found by imposing so-called matching conditions between the effective and the underlying theory. One then evaluates the Wilson coefficients at µ b ∼ m b from the running of the Renormalization Group Equations (RGEs) from µ W down to µ b . In order to remove the dependence on the scale µ b , at µ W NLO matching conditions need to be imposed [18] . They have been computed in full in [19, 7, 9 ], and we have followed [3] to apply them here.
"New physics" effects usually appear in the Wilson coefficients C 7,8 and C ′ 7,8 , which are associated with the ∆B = 1 magnetic and chromo-magnetic operators P 7,8 and P [15] . In SUSY, the new mass scale M SUSY arises, which can be much larger than m W . The usual procedure in this case is to assume that M SUSY sets the mass scale for all the color-carrying superpartners, which tend to be heavier, while all the other SUSY states play a role at m W [11] . To include QCD corrections beyond LO, we extend the treatment of [8, 11] to the case of general flavor mixing among squarks, and follow [9] to compute hard gluon contributions to the vertices involving the W -boson, H − , and
Resummation of QCD correction between the two scales is performed with an NLO anomalous dimension [17] and NLO matching condition [9] within the SM operator basis. At the NLO-level, SUSY QCD contributions come from O(α s ) corrections involving the gluino field. For the states at µ W (W , φ − and H − ), these are absorbed into the effective vertices by integrating out the gluino field [8] . We have calculated these vertices for GFM in the down-squark sector.
For the fields at µ SUSY , this effective approach cannot be applied. Instead of calculating full 2-loop diagrams (a rather formidable task), we include a finite threshold corrections to the matrix of the Yukawa couplings of the down-type (uptype) quarks which are (are not) enhanced in the case of large tan β [20, 10, 11] .
In our case, it is again crucial to include the effect of flavor mixing. Details of the calculation will be presented elsewhere [21] .
3. General Flavor Mixings. In the absence of an underlying theory of flavor in the squark sector, all the entries of the 6 × 6 mass-matrix-square of down-type squarks are in general non-zero (and likewise for the up-type squarks). It is natural to break it into four 3 × 3 sub-matrices of the LL, LR, RL and RR sectors. For the mixing of the 2nd and 3rd generations of relevance to b → sγ, the departure from the MFV case can be parameterized by introducing
and analogously for δ In the framework of GFM, these mixings induce new 1-loop contributions to b → sγ, with one internal line involving the gluino (and neutralino) and the other from the superpartner of the bottom turning into the one of the strange quark due to the 2nd-3rd generation mixing. We insert the δ d s at µ SUSY and all the corrections described above are generalized to the case of GFM. The 6 × 6-mass matrices are diagonalized numerically, instead of using a mass-insertion approximation.
4. Focusing Effect. We find that, relative to the LO matching condition at µ W , NLO corrections generally reduce SUSY contributions (mostly from the gluino) to BR(B → X s γ). As a result, constraints on the mass of the gluino, and related SUSY parameters (like the chargino and neutralino soft mass parameters), and on FV couplings become considerably relaxed. The focusing effect becomes particularly strong at large tan β. It is illustrated in Fig. 1 One can clearly see a strong suppression of the SUSY contribution at the NLOlevel. While some focusing is already present in the MFV case, the effect becomes strongly enhanced in the case of GFM.
Focusing comes from two sources. Firstly, RGE evolution between µ SUSY and µ W reduces SUSY contributions. For example, for M SUSY ∼ 1 TeV, one finds
The NLO QCD matching condition at µ SUSY causes some additional reduction. Secondly, we find a remarkable alignment between gluino correction to m b (and m s ) [22] and the corresponding penguin operator at large tan β. This reduces the gluino contribution to In the case of µ < 0, the corrections described above add constructively and cause a miss-alignment instead. This competes with the reduction caused by the RGE evolution. 
